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Abstract 
The Separations Research Program (SRP) pilot plant is located at The University of Texas (UT) Pickle Research 
Campus and has been operated as a carbon capture facility since 2002.  The semi-works scale pilot facility uses air 
and 3-14 mol% CO2 as flue gas as it applies the latest advancements in carbon dioxide recovery technology. The 
capacity of the pilot plant is approximately 15 m3/min of gas and 130 liters/min of solvent. Past experimental studies 
include solvent performance characterization using potassium carbonate with piperazine, monoethanolamine, 
concentrated piperazine and other proprietary solvents.  In recent years, the pilot plant has been utilized to determine 
the mass transfer and hydraulic characteristics of various structured and random packings using amine-based 
solvents for CO2 absorption. 
In 2002, the UT/SRP began developing improved measurement techniques and operating procedures to ensure 
reliable process control and closure of material and energy balances.  Past experience and learning with the UT/SRP 
pilot plant is currently being utilized for the design and operation of several future pilot plants that will process 
actual coal-fired flue gas.  The purpose of the presentation is to provide a brief description of the UT/SRP CO2
capture pilot plant capabilities, innovative operational procedures and instrument accuracies.  The objectives of this 
paper are to discuss SRP pilot plant experience including: process description, operations and control, key 
equipment, measurement methods including novel techniques, overall process performance, and future work. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
A computer controlled, state-of-the-art carbon dioxide capture pilot plant is located at The University of Texas 
Pickle Research Campus.  Originally constructed in 1986 at a cost of $2 million (US), this multi-use pilot facility 
was originally used for distillation, liquid extraction and reactive separations.  Starting in 2002, the pilot plant was 
upgraded through a series of carbon dioxide capture campaigns.  A recent photo of the pilot plant is shown in Figure 
1.  Approximately $3 million (US) was invested to optimize the capability for carbon dioxide studies between 2002 
and 2010.  The investment includes a recent $425,000 (US) project supported by Emerson Process Management to 
upgrade the SRP control system and control room. The pilot plant is well instrumented and controlled with a DeltaV 
control system. The plant consists of three integrated systems, 1) absorber, 2) stripper with related heat exchange 
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equipment and 3) a make-up and recycle carbon dioxide system.  A process flow diagram (Figure 2) and a brief 
description of each system are provided. 
Figure 1. SRP CO2 capture pilot plant 
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Figure 2. Process flow diagram of the SRP CO2 capture pilot plant 
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2.  Process Description 
2.1. Absorber System 
The absorber system is composed of a 4,000 liter feed tank, 5.5 kW centrifugal pumps, 30 kW blower, absorption 
column, air cooler and knock-out drum. The carbon steel absorption column is 42.7 cm in diameter (ID), 
approximately 10.7 m tall and is capable of providing two 3.07 m beds of packing. Lean amine solvent is pumped 
from an unheated feed tank to the top of the absorber and discharged into an orifice pipe distributor.  In the middle 
of the column, liquid is collected on the chimney tray that feeds a second orifice pipe distributor, redistributing 
liquid to the lower bed of packing. The rich amine solvent leaving the column is pumped to a second booster pump 
and then sent to the cold side of a plate and frame cross-exchanger associated with the stripping system.  The rich 
amine is maintained at an elevated pressure (400-500 kPa) to prevent flashing of carbon dioxide within the cross 
exchanger.  
The lean and rich amine flow rates are measured using advanced Coriolis mass flow meterswith density and 
temperature readout capabilities. Ambient air is compressed with a 30 kW blower and fed into the sump section of 
the absorber.  Recovered carbon dioxide from the stripping system and make-up carbon dioxide from the bulk 
storage tank are blended at the discharge of the blower to provide a simulated flue gas containing the desired 
composition.  The entering gas is heated and humidified by the falling liquid below the packing.  The gas flows 
upward and counter-currently contacts the falling liquid film on the packing surface.  Carbon dioxide diffuses from 
the gas and into the liquid film. The gas travels through the two upcomer pipes on the chimney tray to the upper bed.  
The gas stream flows upward contacting the falling liquid film on the packing surface and then exits out the very top 
of the absorber.  The SRP absorber does not currently provide a wash-section.  Future work may incorporate a wash 
section by utilizing an adjacent PVC column. The exiting air is fed to a low pressure drop chilled-water air cooler.  
Condensed water/solvent drains from the knock out drum to the absorber feed tank while the cooled air is vented to 
the atmosphere. 
The inlet air flow is measured with an annubar meter and is corrected for carbon dioxide concentration.  Accurate air 
flow measurements require turbulent flow in the pipe and adequate run lengths before and after the annubar. The 
outlet air flow rate is not measured.  The pressure drop across each bed is measured with two differential pressure 
transmitters ranged from 0-75 mbar and 0-7.5 mbar.  The absorber sump liquid level is measured with a differential 
pressure transmitter. The impulse tubing of these differential pressure transmitters is purged with a small flow of 
nitrogen to prevent condensation in the legs of the tubing.  Multiple remote temperature monitoring points are 
located along the column. The inlet and outlet concentrations of carbon dioxide are measured with an online Vaisala 
probe.  The inlet and outlets Vaisala probes provide a range of 0 – 20 mol% carbon dioxide and are installed in the 
air piping prior to the absorber column and downstream the air cooler located at the column exit. In both cases, the 
Vaisala probe is located in a stream with less than 100% humidity.  Liquid sample compositions are usually 
determined by titration. The water content within the solvent is performed using a Karl Fischer auto-titration system. 
2.2. Stripping Column Configuration 
The stripping system is composed of a cross exchanger, packed stripping column, kettle reboiler, condenser feed 
pumps and a trim cooler.  The stripper is usually operated at a pressure of 165 kPa. The carbon steel stripping 
column is 42.7 cm in diameter (ID), approximately 10.7 m tall and is filled with two beds of packing.  The 
metallurgy associated with the remainder the stripping system is composed of 304 or 316 SS with the exception of 
the reflux accumulator that is carbon steel. Rich solvent is pumped from the absorber to the cold side of the plate 
and frame cross exchanger.  Two cross exchanger sizes have been utilized in past SRP studies. One model (160 ft2)
is used for low viscosity solvents and a second (440 ft2) for high viscosity solvents. These cross exchangers proved 
capable of achieving a 6 to 8°C approach.  The rich amine is heated with the hot lean solvent leaving the stripper. 
The hot rich amine solution is flashed just before entering the stripper.  A special gas/liquid separator within the top 
of the tower provides non-frothy liquid to a trough drip tube liquid distributor. The flashed carbon dioxide and water 
(and solvent) vapor exits the top of the stripper and enters a chilled-water shell and tube condenser (237 ft2).  The 
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condensed water and solvent are returned to the absorber feed tank by pressure difference.  The non-condensed 
carbon dioxide is fed to a horizontal accumulator system and also serves to control the stripper pressure. The falling 
and spreading liquid contacts rising vapor through the top 3 m bed of packing.  The liquid is recollected on a 
chimney tray and then fed to a second trough drip tube distributor feeding the lower 3 m bed of packing. The 
redistributed liquid falls and spreads through the packing as a wetted film contacting the rising vapor. The liquid 
enters the column sump which is connected to a kettle type reboiler (210 ft2) through an equalization line.  Saturated 
steam at 1.1 MPa is supplied to the tube side of the reboiler to generate stripping vapor.  The heat and flowing vapor 
is used to liberate and remove the carbon dioxide from the liquid solvent. The regenerated solvent, referred to as the 
stripper lean amine, exits the column bottom and is fed to the hot side of the cross exchanger. The cooled sipper lean 
amine flow is measured with an advanced Coriolis mass flowmeter with density and temperature readout 
capabilities.  The stripper lean amine is fed to the absorber feed tank. 
2.3. CO2 Recovery and Make-Up 
The overhead vapor leaving the stripper is condensed using a shell and tube chilled water stainless steel heat 
exchanger.  The condensed water and residual solvent are sent to a 200 liter carbon steel reflux accumulator.  
Carbon dioxide exits the vent from the condenser and reflux accumulator and is fed to the 3,800 liter horizontal 
accumulator.  An air-actuated control valve is used to control the stripper pressure.  Essentially pure carbon dioxide 
exits the horizontal accumulator through the control valve and is fed to the discharge of the air blower. A CO2
flowmeter is located on the upstream side of the pressure control valve and provides an independent measurement of 
the carbon dioxide absorption rate. Makeup carbon dioxide is transferred from a 5,000 kg bulk carbon dioxide 
storage to the discharge of the blower. The makeup carbon dioxide is metered using an advanced Coriolis flow 
meter and an air actuated control valve.   
3. Key Measurements and Control 
A number of key measurements are obtained to judge the quality of the pilot plant data including absorber carbon 
dioxide material balances (transfer rates), stripper heat loss, and stripper heat balance.  The online inferred 
measurement of carbon dioxide dissolved in the solvent was found to be extremely valuable in the control of the 
absorption/stripping process. 
3.1 Absorber Carbon Dioxide Material Balance
The SRP carbon dioxide capture pilot plant offers versatile operation, and it is capable of equipment modifications 
as well as additions of skid mounted equipment.  The pilot plant routinely obtains absorber carbon dioxide transfer 
material balances in the range of 93-98% and stripper energy balances of 96-99%.  For a recent study of a 
concentrated piperazine solvent, typical examples of CO2 transfer material balances are shown in Table 1.  The 
corresponding energy balance for this run was 98.3 %. 
Table 1. Typical Material Balance. (Based on 2008 Run 5 with Concentrated Piperazine) 
Parameter Value, kg/hr Deviation from  
Average 
CO2 transfer into the solvent
1 236 5.8% 
CO2 transfer out of the air
2 208 6.7% 
CO2 leaving the stripper
3 224 0.5% 
Average CO2 transfer rate and deviation 223 4.3% 
1 Measured from averaged inlet and outlet flowrates and titrations 
2 Measured from averaged inlet gas flowrate and inlet and outlet Visala CO2
3 Measured from averaged flow transmitter off horizontal accumulator 
F. Seibert et al. / Energy Procedia 4 (2011) 1616–1623 1619
 Author name / Energy Procedia 00 (2010) 000–000 5
3.2 Heat loss
While the stripper is insulated with calcium silicate, heat loss at elevated temperatures and pressure must be 
accounted for.  Heat loss experiments were carried out prior to the carbon dioxide absorption using water and 
operating at total reflux.  The difference in reboiler duty and condenser duty was assumed to be a result of heat loss.  
The heat loss was determined to be a function of the average internal column temperature and the ambient 
temperature shown in equation 1. The coefficient, Cf, represents the product overall heat transfer coefficient and the 
column surface area.  It should be noted that the coefficient doubles in the presence of rain. The heat loss is usually 
10-20% of the total heat supplied to the reboiler. 
)TT(CQ ambcolfloss         (1) 
Where Cf = 0.18 for reboiler duties greater than 160 KW 
                  = 0.15 for reboiler duties less than 160 KW 
 Qloss = heat loss, KW 
 Tcol = average temperature within the stripper, F 
 Tamb = ambient temperature, F 
3.3 Stripper Heat Balance
An energy balance around the stripper routinely achieved 95-99% balances.  The heat balance was calculated from 
the equation 2. 
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Where  Qcond = sensible heat removed the condenser cooling water 
 Qloss = estimated heat loss 
 Qabs = total heat of absorption of carbon dioxide 
 Qbot = sensible heat leaving column bottoms prior to cross exchanger 
 Qgas = sensible heat of carbon dioxide leaving condenser 
 Qfeed= sensible heat of rich amine entering stripper and leaving cross exchanger, no  
  phase change is assumed. 
 Qreb = reboiler heat duty 
3.4 Carbon Dioxide Loading Control
SRP’s early campaigns suffered from not knowing the real-time carbon dioxide loading concentrations.  Plant runs 
tended to have significant upsets as a result. Lab studies indicated that the carbon dioxide concentration could be 
inferred from an accurate measurement of the liquid density. Thus carbon dioxide concentrations in the lean and rich 
amine could be estimated from the solvent densities and temperatures provided by the advanced Coriolis mass 
flowmeters. The solvent density was observed to vary linearly with density. These data were correlated and the 
resulting models were placed into our process control system (DeltaV).  The correlations were checked against 
titrations of actual samples.  In general, a small correction factor was added to the laboratory correlation.  The 
correlations for carbon dioxide with 30 wt% MEA are given below and were programmed into our DeltaV control 
system. One would expect that the correlations to be adjusted slightly for each advanced Coriolis mass flow meter.  
The applications of the estimated online carbon dioxide loading values greatly improved the control of the carbon 
dioxide capture pilot plant relative to the earlier carbon capture pilot plant campaigns. 
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For 30% MEA, 
Lean Amine  
92.0*)0374.0in_T*00036.0001.0*)7.1031in_SG*5.1028((X 2CO 
Rich Amine  
93.0*)0374.0out_T*00036.0001.0*)7.1031out_SG*5.1028((X 2CO 
Stripper Lean Amine 
94.0*)0374.0in_TF*00036.0001.0*)7.1031in_SGF*5.1028((X 2CO 
Where: SG    = specific gravity of the solvent measured at the MicroMotion flowmeter 
 T       = temperature measured by the advanced Coriolis flowmeter, °F 
 XCO2 = weight fraction of CO2 in solvent 
4. Operational Experience 
4.1 Once Through vs. Recycled Air
The SRP currently feeds air spiked with carbon dioxide on a once-through basis.  In earlier operations, the air was 
recycled.  Unstable operations and fluctuating air flow were observed with the recycled air.  Carbon dioxide transfer 
material balances were poorer in the recycled operation.  However, in the current once-through operation  the 
solvent is exposed to a higher concentration of oxygen.  Typical SRP carbon dioxide capture pilot campaigns are 
usually less than three weeks, so oxidative solvent degradation is not an important issue. 
4.2 Saturated vs Unsaturated Inlet Air
Attempts to humidify the inlet air by re-vaporizing condensed water from the stripper were made in early campaigns 
which ultimately lead to significant problems with inlet gas temperature control, inlet carbon dioxide measurements, 
solvent concentration, and carbon dioxide material balances.  These problems were eliminated by feeding 
unsaturated air to the absorber. 
4.3 Process Dynamics
The process dynamics of the absorber/stripper is quite interesting in that the stripper response is relatively slow 
while the absorber is quite fast. This is a result of the liquid inventory which is far greater in the stripper.  While the 
process dynamics were not studied in detail, consistent trends were observed.  Run conditions were typically 
changed by modifying either the liquid and/or the gas rate by 10-15%.  Under these conditions, the pilot plant 
typically required 1-1.5 hours to approach steady state.  In some runs, the lean loading was modified 25%.  Under 
these conditions, the plant generally required 2-4 hours approach steady state.  
4.4 Corrosion Inhibitors
A vanadium based corrosion inhibitor was used in SRP’s early campaigns involving piperazine and potassium 
carbonate, and these runs suffered from significant foaming. This may not be attributed to the inhibitor but also the 
high surface area (330 m2/m3) structured packing utilized in the study. Rinse water used to remove residual solvent 
resulted in considerable cost and was treated as hazardous due to the heavy metal content. The inhibitor did not 
prevent a carbon steel reboiler tube leak observed immediately following the campaign during a hydrocarbon 
distillation test.  The carbon steel reboiler was replaced with a 304 SS unit.  Corrosion inhibitors were no longer 
used in subsequent tests.  No corrosion problems have been observed since the replacement of reboiler tube sheet.  It 
should be noted that the SRP pilot plant only operates in the carbon dioxide capture mode for 20-30% of the year 
and all of the piping and heat exchangers are constructed of stainless steel. 
4.5 Absorber Processing Rates 
The processing rates of the SRP absorber were generally constrained between providing adequate liquid density for 
gas/liquid contact area and flooding.  Typical liquid superficial velocities ranged from 250 to 900 liters/m2-min.  
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Typical superficial gas velocities ranged from 40 to 120 meters/min.  The SRP system is capable of liquid flowrates 
of 150 liters/min and gas flowrates of 25 m3/min. 
4.6 Packing Mass Transfer Efficiency for Carbon Dioxide Absorption 
The height of a transfer unit will be considerably higher than distillation values generally reported by the packing 
vendors.  Pilot tests are recommended to obtain design values.  The HTUog will vary considerably with packing and 
solvent type.  HTUog values measured by the SRP are often in the range of 2 m to 6 m. 
4.7 Foaming 
Foaming has been observed with the SRP carbon dioxide capture testing.  While fundamental studies have not been 
performed, several trends have been observed.  Foaming appeared more often during testing with aged solvents and 
high surface area structured packings.  Again pilot tests should be performed to identify potential problems with 
foaming and the identification of proper procedure to minimize or eliminate foaming..  Foaming tended to reduce 
column capacity by 100%. 
4.8 Stripper Flashing Feed 
The hot rich amine leaving the cross exchanger will consist of two phases, gas and liquid .  The two-phase mixture 
will resemble a frothy, foamy liquid and should not be fed to a standard liquid distributor.  At the SRP, this mixture 
has been fed to standard trough distributor and was observed to overflow the distributor leading to poor liquid 
distribution and stripper performance.  Care must be taken to provide liquid only to the distributor which will 
require separation of the flashed gas from the liquid.  This may be accomplished using a flash tank prior to entering 
the stripper and a special flashing feed distribution system. At present, the SRP uses a novel and potentially 
patentable device to separate the gas and liquid as it enters the stripper. 
5. Future Work 
In late 2010, a skid-mounted, high temperature two-stage flash stripping system will be studied and compared with 
the traditional packed stripping column using concentrated piperazine.  The semi-works scale two-stage flash 
stripping system will be studied to validate recent process simulation studies.  A photo of the multi-stage flash 
stripping system is shown in Figure 3. The thermal stability of concentrated piperazine permits high temperature 
regeneration (150 °C) and the high temperature two-stage flash process produces CO2 at significantly higher 
pressures (17 and 11 bar). The higher regeneration pressure reduces the capital and operating costs of the 
compressor required for sequestration (150 bar). In addition, two flash tanks should be more cost effective than a 
packed column.     
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Figure 3. High temperature two-stage flash stripping system 
The effect of absorber intercooling will also be studied by the SRP in late 2010.  Collected liquid from the absorber 
chimney tray will be cooled and returned to the liquid distributor feeding the lower bed.  Process simulations have 
shown that intercooling can enhance performance for processes with large temperature bulges. 
The correlation of carbon dioxide concentration with liquid density has proven extremely valuable in the operation 
of the absorber and stripper.  Future work supported by Emerson Process Management is ongoing to correlate amine 
concentration with pH.  The initial results appear promising for the inferred online measurement of amine 
concentration with accurate measurements of pH. 
Wireless instruments provided by Emerson Process Management are also being studied and offer the advantage in 
eliminating the need for conduit.  Wireless instruments are also nicely suited for the testing of skid-mounted system. 
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